Objective: This systematic review was performed to summarise randomised clinical trials (RCTs) assessing the efficacy and safety of ginseng in the Korean literature.
Introduction
Ginseng has a long history of medicinal use. In Korea, various processing methods have been developed to increase the efficacy and widen the clinical applicability of ginseng. Cultivated ginseng is classified into three types, depending on how it is processed: fresh ginseng (less than 4 years old), white ginseng (4-6 years old and dried after peeling), and red ginseng (harvested at 6 years old, steamed and dried) [1] . Red ginseng is not skinned before it is steamed or otherwise heated and subsequently dried. During the steaming process, ginseng starch is gelatinised, causing an increase in saponin content.
Ginseng is one of the most popular and best-selling herbal medicines worldwide [2] . Ginseng has been used as a medicine and as a health food by healthy and ill individuals around the world, especially in Asian countries [3] . Many clinical studies on ginseng have been performed to characterise its therapeutic properties, which include improving physical performance [4] , sexual function [1] , treating cancer [5] , diabetes [6] and hypertension [7] .
Currently, 13 systematic reviews of ginseng used to treat many conditions are available [1, 3, 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] . Five of them include studies published in English only [10] [11] [12] 16] , two analysed the results from English and Chinese databases [8, 9] , and the other five searched several available databases, including Korean, Chinese, English and Japanese databases [1, 3, 6, 13, 14] . However, these reviews failed to include several recent studies published in Korea, where the name panax ginseng is from. Moreover, many Korean studies are not included in Western databases, and many Korean clinical trials on ginseng have only been reported in Korean journals. Therefore, it is necessary to summarise all of the available randomised clinical trials (RCTs) in the Korean literature to inform future systematic approaches to the study of ginseng. This summary could be valuable in providing ginseng research data that are not accessible by non-Korean researchers. The objective of this systematic review was to summarise RCTs assessing the efficacy and safety of ginseng that have been published in the Korean literature.
Methods

Data Sources
The following eight electronic Korean medical databases were searched without restriction of language from their respective inceptions up to December 2012 (Appendix S1): the Korean Studies Information Service System (KISS), DBPIA, Korea Institute of Science and Technology Information, Research Information Service System (RISS), Korea Med, Korean Medical Database (KM base), Oriental Medicine Advanced Searching Integrated System (OASIS) and the National Assembly Library. The search terms used were ''ginseng'', ''clinical'' and Korean language terms related to ginseng and clinical trials. In addition, our own files and The Journal of Ginseng Research (http://www. ginsengres.org/main/) up to December 2012 were searched manually. The references in all located articles were also searched. Hard copies of all articles were obtained and read in full.
Types of Studies
This review included parallel and cross-over RCTs that assessed the efficacy and safety of ginseng treatment. We excluded case studies, case series, uncontrolled trials and non-randomised clinical trials. Trials that failed to provide detailed results or in which ginseng was used in conjunction with conventional treatment were also excluded. Trials published in the form of dissertations and abstracts were included.
Types of Participants
All articles describing an RCT on healthy people or patients with various disease conditions were included.
Types of Interventions
Trials that included extracts of Korean ginseng or American ginseng or a commercial product made from Korean ginseng or American ginseng, regardless of age or dose, were included. According to the processing status, we also included fresh ginseng, white ginseng and red ginseng. We compared placebo or no treatment to ginseng therapies used alone or in combination with other conventional treatments.
Data Extraction, Risk of Bias Assessment and Analysis
All articles were read by three independent reviewers (JC, TYC and THK) who extracted data from the articles according to predefined criteria: author information, total sample size, condition, age of the participants, intervention and control groups, dose per day, measure, main results, adverse events and language.
The risk of bias was assessed using the 'Risk of Bias' assessment tool from the Cochrane Handbook for Systematic Reviews of Interventions [17] . The following characteristics were assessed: sequence generation, allocation concealment, patient and personnel blinding, assessor blinding, reporting drop-out or withdrawal, intention-to-treat analysis and selective outcome report. If the article mentioned the protocol, the protocol was evaluated to determine whether all of the outcomes described in the protocol were reported in the original literature to evaluate selective outcome reporting. Our review used low (L), unclear (U) and high (H) as keys for judgments. Differences in opinions between the reviewers were settled through discussion.
Estimated effect size for each outcome of included studies was calculated comparing with each control intervention individually. Dichotomous data were presented as relative risk (RR) and continuous outcomes as mean difference (MD) with 95% CI (Confidence Interval). Analysis was conducted with Review manager 5.1 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2011).
Results
Study Selection and Description
We considered 1351 potentially relevant articles (Figure 1) . After screening the abstracts and titles, we excluded 1124 studies. A total of 227 articles were read in full and evaluated. Subsequently, 197 were excluded because they described in vivo studies (60 articles), were non-randomised trials (57 articles), did not meet the eligibility criteria (72 articles), or were excluded for other reasons (8 articles). The eight RCTs excluded for other reasons were as follows: three studies employed a mixed intervention that included ginseng in the treatment group, including trials of HT008-1 (including ginseng, Acanthopanax senticosus, Angelica sinensis and Scutellaria baicalensis) [18] , a mixture of ginseng plus Paeoniae radix [19] and interaction between ginseng and warfarin [20] . Five other studies [21] [22] [23] [24] [25] were excluded because they evaluated only serological outcomes [21] [22] [23] and duplicated publication [24, 25] . Finally, 30 RCTs met our inclusion criteria (Tables 1 and 2 ). Twenty-eight trials originated from Korea , and two trials were conducted in Thailand [26] and the United Kingdom [27] . Sixteen studies [28, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [44] [45] [46] [47] 53] were published in Korean, and 14 trials [26, 27, [29] [30] [31] 42, 43, [48] [49] [50] [51] [52] 54, 55] were written in English.
Of the 30 trials that met our inclusion criteria, two dissertations were included [35, 47] . The key data from studies in healthy persons are summarised in Table 1 [26] [27] [28] [29] [30] [31] [32] [33] [34] , and the data regarding other various conditions are summarised in Table 2 . The included RCTs used ginseng powder either in raw (4 studies) [35, 38, 53, 55] or in capsules (22 studies) [26] [27] [28] [29] 31, 32, 34, 36, 37, [39] [40] [41] [43] [44] [45] [46] [47] [48] [50] [51] [52] 54] and extract preparation (2 studies) [33, 42] , while two studies [30, 49] did not report the preparation type of ginseng. They addressed a wide range of conditions: generally healthy (i.e., studies in healthy individuals) [26] [27] [28] [29] [30] [31] [32] [33] [34] , erectile dysfunction [35] [36] [37] [38] [39] [40] , gastric cancer [41, 43] , colon cancer [42] , gastrointestinal carcinoma [44] , chronic gastritis [45] , diabetes mellitus [46, 47] , androgenic alopecia [48] , coronary artery [49] , dry mouth [50] , glaucoma [51] , obesity [52] , metabolic syndrome [53] , dyspepsia and indigestion [54] and Alzheimer's disease [55] .
Risk of Bias in the Included Studies
The risk of bias of the trials was variable (Table 3 ). Nine studies [28, 32, 34, 44, 47, [50] [51] [52] [53] used methods of random sequence generation. Of those, four RCTs [28, 47, 51, 53] used a computerised randomisation method. However, the risk of bias in the sequence generation was high in five RCTs [32, 34, 44, 50, 52] . Most studies did not clearly report how the allocation concealment was generated; only five RCTs [27, 32, [50] [51] [52] employed allocation concealment. Seventeen RCTs [26] [27] [28] [29] 31, 32, 34, 35, 38, 40, [47] [48] [49] [50] [51] [52] [53] reported double blinding (patient/practitioner). Only three of these RCTs [32, 34, 35] adopted assessor blinding. Forteen RCTs [27, 29, 31, 33, 36, 37, 40, 43, 45, 46, 48, 52, 53, 55] had a high risk of drop-out or withdrawal bias. Only six RCTs [26, 32, 35, 41, 47, 51] used intention-to-treat analysis (ITT). The risk of bias in selective outcome reporting was low in seven RCTs [26, 32, 45, 50, 51, 53, 54] , high in two studies [32, 52] and unclear in the remaining studies. There were no difference between low risk of bias and high risk of bias when comparing the effectiveness of ginseng.
Healthy Persons
Ginseng versus placebo. Two RCTs [26, 27] evaluated the effects of ginseng compared with a placebo on exercise capacity and cognitive performance in healthy individuals. One RCT [26] compared the effects of ginseng with placebo on exercise capacity and showed a significant effect for increasing the maximum oxygen consumption, anaerobic variables and leg muscle strength. The other RCT [27] reported the superiority of ginseng over placebo for treating mood, quality of life and memory performance. However, no significant difference was found between ginseng and placebo.
Red ginseng versus placebo. Six RCTs [28] [29] [30] [31] [32] [33] assessed the effects of red ginseng compared with placebo. One RCT showed significant effects of red ginseng on somatic symptoms [28] . Second RCT showed beneficial effects of red ginseng on sexual function [29] . Third RCT reported significant effects on total sleep time [30] . Forth RCT [32] compared the effects of red ginseng with placebo and failed to show any change in blood pressure, pulse rate or body temperature. The authors reported the effects of ginseng on general health symptom from same trial and also failed to beneficial effects of ginseng on general health symptoms in [25] . Fifth RCT also failed to show significant effects on cognitive function [31] . Sixth RCT reported significant effects of red ginseng on anaerobic performance [33] .
Ginseng, red ginseng and fermented red ginseng versus placebo. One RCT [34] evaluated the effects of ginseng, red ginseng, and fermented red ginseng on cerebral hemodynamics compared with placebo. However, no group showed significant differences from the placebo.
Erectile dysfunction. Six RCTs [35] [36] [37] [38] [39] [40] tested the effects of ginseng or red ginseng compared with placebo on sexual function using questionnaires. Four studies reported positive effects of ginseng on at least one outcomes related with erectile function [35] [36] [37] [38] , while the other two RCTs failed to do so [39, 40] .
Gastric and Colon Cancer
Four RCTs [41] [42] [43] [44] tested the effects of ginseng or red ginseng compared with no treatment on nutritional status [41] , immune function [42] [43] [44] . Of these, one RCT [42] reported significantly improved immune modulation after surgery. The remaining RCTs [41, 43, 44] failed to show a significant effect of ginseng on immune response, or nutritional status. Table 2 . Cont. Table 4 . Comparison between RCTs already included in the SR and eligible Korean RCTs. 
Other Conditions
Nine RCTs assessed the effects of ginseng or red ginseng compared with a placebo or no treatment on androgenic alopecia [48] , coronary artery [49] , chronic gastritis [45] , dry mouth [50] , dyspepsia and indigestion [54] , glaucoma [51] , obesity [52] , metabolic syndrome [53] and Alzheimer's disease [55] . In most of the studies mentioned above, no significant difference was found between red ginseng and placebo. However, one of these RCTs reported beneficial effects of ginseng on the Korean version of obesity-related quality of life (KOQOL) scores in obese patients and MMSE (mini-mental status exam) and ADAS (Alzheimer's disease assessment scale) scores after 12 weeks [55] . One RCT [54] showed that red ginseng increased the H. pylori eradication rate in dyspepsia and indigestion, while the other RCT failed to do so in chronic gastritis [45] .
Adverse Events
Six RCTs [36] [37] [38] [39] 48, 50] mentioned adverse events, while the other RCTs did not. None of the RCTs reported any serious adverse effects. Two RCTs [36, 37] reported gastric upset in two groups, and one of these [36] also reported constipation in the intervention group. The other RCTs [38, 39, 48, 50] reported various adverse symptoms that were not closely related to the intervention. Of these RCTs, one RCT [50] had various adverse effects and the largest dose of red ginseng of the included trials.
Discussion
This review represents a systematic assessment of RCTs that are related to the effectiveness of ginseng published in the Korean literature. The clinical effects of ginseng have been tested for a wide range of conditions in Korea. Most RCTs published in the Korean literature have not been included in up-to-date systematic reviews. Our review aimed to summarise all the RCTs on ginseng in the Korean literature regardless of treated conditions. Nine trials included in this review reported results on exercise capacity, cognitive performance, somatic symptoms, quality of life, and sleeping in healthy persons [26] [27] [28] [29] [30] [31] [32] [33] [34] . Twenty-one RCTs tested ginseng or red ginseng compared with placebo or no treatment in erectile dysfunction, gastric and colon cancer, diabetes mellitus and other conditions . This review may serve as a foundation for future systematic reviews and further studies, but the small sample size provides limited contribution. Compared to previous reviews [1, 3, 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] , we identified 20 new RCTs [26] [27] [28] [29] [30] [31] 33, 38, 39, [41] [42] [43] [44] [45] 48, 49, [52] [53] [54] [55] and successfully updated the information for therapy. Our ginseng review provides people the opportunity to access studies that were originally published in languages that they would otherwise be unable to read.
It is meaningful to compare discrepancies or agreements for each condition in the included studies with the conclusions of previous systematic reviews (Table 4) . We updated our review with 20 new RCTs (66.7% of the 30 trials) on healthy people (7 trials) [26] [27] [28] [29] [30] [31] 33] , erectile dysfunction (2 trials) [38, 39] , gastric and colon cancer (5 trials) [41] [42] [43] [44] [45] , androgenic alopecia (1 trial) [48] , coronary artery (1 trial) [49] , obesity (1 trial) [52] , metabolic syndrome (1 trial) [53] , dyspepsia and indigestion (1 trial) [54] , and Alzheimer's disease (1 trial) [55] . One systematic review [1] suggested the effects of red ginseng on erectile dysfunction with 7 included RCTs. We found 2 additional Korean RCTs [38, 39] that showed positive effects of ginseng on ED. These studies can add more favourable effects of ginseng for this condition. One RCT [55] , which assessed the effects of ginseng on Alzheimer's disease, reported positive results on improving symptoms. However, this study was already included in a previous systematic review as a duplicate publication, and it could not contribute to the current evidence.
One important question of these studies concerns the safety of ginseng. Ginseng appears to be generally safe, and no serious adverse effects have been reported. Adverse effects were noted in six of the RCTs included in this study [36] [37] [38] [39] 48, 50] . None reported any serious adverse effects. However, the possibility of adverse effects caused by high doses of ginseng should be generally considered with caution. Therefore, another question is whether the therapeutic effects of ginseng depend on the form of ginseng and the amounts of various constituents in the preparation. Both the optimum dose and the ideal form of ginseng are currently unknown. No clinical trial comparing dosages or forms of ginseng has yet been published.
In the studies included in our analysis, the largest dose of ginseng used was 5.4 g [41] , and the minimal dose of ginseng was 0.4 g daily [27] . The largest dose of red ginseng was 6.0 g [29, 50] daily, and the minimal dose of red ginseng was 0.8 g daily [38] . Hence, all of the RCTs in our review reported various doses of ginseng or red ginseng. Of the 30 RCTs included here, 22 RCTs used ginseng powder in capsules [26] [27] [28] [29] 31, 32, 34, 36, 37, [39] [40] [41] [43] [44] [45] [46] [47] [48] [50] [51] [52] 54] , likely because ginseng capsules are more amenable to blinding than powder [35, 38, 53, 55] or extract preparations [33, 42] . It is clear that further clinical trials comparing the dosage or forms of ginseng are required.
Assuming that ginseng is a beneficial treatment for a wide range of conditions, its possible mechanisms of actions may be of interest. Like all herbal extracts, ginseng preparations are complex mixtures of multiple pharmacologically active ingredients. The most important and best researched of the active ingredients in ginseng are the ginsenosides, a diverse group of triterpenoidal saponins. Approximately 150 different ginsenosides have been identified to date. These compounds have complex biological activities. The mechanisms of action of ginseng are therefore diverse, complex and often somewhat unclear [56] . Further basic research is needed to fully understand the mechanisms of action of ginseng.
We also wish to highlight some of the difficulties inherent in research on ginseng and offer some suggestions for future research. First, researchers must use an appropriate random component for sequence generation, such as a computerised random number generator or coin toss. An appropriate randomised controlled trial design, more than any other factor, can have a powerful and immediate impact on patient care. However, appropriate randomisation was described in only four ginseng trials [28, 47, 51, 53] in the Korean literature. This may lead to selection bias and exaggerated treatment effects. Hence, more rigorous randomisation should be applied to future studies. Second, most of the included RCTs used a double-blinding procedure, but only three RCTs [32, 34, 35] used assessor blinding. Those that failed to do so are at risk of detection bias. That is, although all of the RCTs used a placebo or no treatment as a control group, none reported the success of blinding or the degree of unblinding due to the distinct taste and smell of ginseng. Therefore, the success of the blinding procedures should be assessed. Third, as noted, no clinical trial comparing dose dependency has yet been published.
Studies with comparable controls would help to establish or contribute to the current evidence for the efficacy of ginseng.
This systematic review has several limitations. Although extensive efforts were made to retrieve all of the RCTs in the Korean literature, we cannot be certain that our searches located all relevant RCTs. In fact, the Korean database may have incorrectly reported some search results, and several early papers may be missing from the search.
In conclusion, ginseng is a popular herbal medicine that is used worldwide for a broad range of indications in the Korean literature. Although the quality of RCTs published in the Korean literature was generally poor, this review is useful for researchers to access studies that were originally published in languages they would otherwise be unable to read and due to the paucity of evidence on this subject. The results of this systematic review showed that ginseng appears to be effective for various medical conditions, particularly exercise capacity, somatic symptoms, erectile dysfunction, advanced colon cancer, diabetes, dyspepsia, indigestion and Alzheimer's disease. However, the main limitation of our analysis was that nearly all the included trials were evaluated as having a high risk of bias and no difference between low risk of bias and high risk of bias when comparing the effectiveness of ginseng. As such, it is necessary to conduct further RCTs that are of high quality and with larger sample sizes to contribute to forming a definitive conclusion.
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